electrons into the π-electron system (n-doping), and the second is to create holes in the π-electron system (p-doping). Very important studies related to the conductivity of some polymers and their derivatives (such as polyacetylene 3, 4 , polyaniline [5] [6] [7] [8] [9] , polypyrrole 10, 11 , polythiophene [12] [13] [14] [15] , poly(pphenylene) [16] [17] [18] , and poly(p-phenylene vinylene) [19] [20] [21] ) were performed. A potential application field of CPs is related to the production of lightweight rechargeable batteries for portable devices and vehicles. Another potential application field of CPs is their use in building circuit elements, both passive (conducting circuits) and active (p-n and Schottky junctions). Other potential application fields of CPs include the transparent antistatic coating of metals and electronic devices, electromagnetic shielding, and the production of light-emitting diodes (LEDs), electrodes, biosensors, transistors, and ultrathin and flexible screens for computer and TV monitors 22 . Studies for obtaining alternative CPs and semiconductor polymers from natural and/or lowcost materials have been rapidly continuing.
Chitin (C 8 H 13 O 5 N) n is a natural biopolymer, and it is found abundantly on the earth. It is the most abundant organic compound after cellulose. It is found in the structure of many living being (crab, lobster, shrimp, squid, octopus, insect, cephalopod, etc.). It has a linear structure and is composed of 2-acetamido-2-deoxy-D-glucopyranose (N-acetyl-Dglucosamine, GlcNAc) units linked by β-(1 → 4) linkage. There are three kind chitin: α-chitin, β-chitin, and γ-chitin. Molecular structures of α-chitin and β-chitin are shown in two papers 23, 24 . As for the molecular structure of γ-chitin is a combination of the molecular structures of α-chitin and β-chitin 25 . Both α-chitin and β-chitin have crystalline structure. α-chitin is the most abundant chitin kind in nature.
Chitin is used for different aims in agriculture, industry, and medicine. Besides, very important studies related to the electrical conductivity of some chitin derivatives are performed in recent years [26] [27] [28] [29] [30] . Maleic anhydride is used in coatings, water treatment chemicals, detergents, insecticides, fungicides, pharmaceuticals, and the manufacture of polymers and copolymers, and therefore it is produced on a large scale every year.
In our previous study 30 , two chitin derivatives (CPA and CTA) were synthesized, and these derivatives were physicochemically investigated. The aim of the present study was to synthesize another chitin derivative by using maleic anhydride, to characterize physicochemically chitin and CMA, and to comparise chitin and CMA with CPA and CTA in our previous study from the point of view of conductivity. Besides, the use of CMA in various fields for different purposes by other researchers was aimed.
EXPERIMENTAL

Materials
Chitin (Sigma C 9213, Germany), maleic anhydride (Aldrich, Germany), lithium chloride (Fluka, Switzerland), N,N-dimethylacetamide (Fluka, Switzerland), and methanol (Riedel-de Haën, Germany) were used as purchased. In addition, hydrochloric acid (Merck, Germany) was also used for adjusting pH. Some important properties of chitin used in this study were given in our previous study 30 . As for some important properties of maleic anhydride are given in Table 1 .
Modification of chitin with maleic anhydride
1.0% (w/v) chitin solution was prepared as follows: 3.0 g chitin was added to 300 mL of 5% (w/v) LiCl/DMAc solution, and mixture was stirred at room temperature for 3 h to give a clear solution. 100 mmol maleic anhydride was added to 200 mL of the chitin solution (Scheme 1). Reaction mixture became dark brown by the addition of 100 mmol triethylamine, and then it turned to a gel within 30 min. After stirring for 24 h, reaction mixture (containing a gel) was poured into 100 mL MeOH. Precipitate was filtered, and then it was dispersed in 200 mL water. The pH of mixture was adjusted to 1-2 with 3 M HCl, and the mixture was filtered. Finally, product was washed with MeOH and was dried in vacua 31, 32 .
Characterization FTIR spectra were recorded with a resolution of 4 cm -1 from KBr pellets on a PerkinElmer Spectrum One FTIR Spectrometer (PerkinElmer Inc., USA). X-ray powder diffraction patterns were taken by using a BRUKER D8 DISCOVER powder diffractometer (Bruker Corporation, USA) equipped with a Cu-Kα radiation (λ = 1.5406 Å) generator using a voltage of 40 kV and a current of 40 mA. Collected data were analyzed by software EVA (EVA, Bruker Corporation) based on powder diffraction files provided by the International Center for Diffraction Data (Newtown Square, PA). UV-Vis absorption spectra were obtained with a CADAS 200 UV-Vis spectrophotometer (Hach Lange Ltd., Germany) working in the wavelength range of 190-1100 nm using a quartz cell of 1 cm pathlength. SEM micrographs were taken with a Jeol JSM-6335F scanning electron microscope (GlobalSpec Inc., USA). TGA thermograms were recorded by using a Pyris 1 Thermogravimetric Analyzer (PerkinElmer Inc., USA). The samples were heated from 23 to 900 o C at a heating rate of 10 o C min -1 under N 2 atmosphere. The direct current electrical conductivity of chitin and its derivative was measured by the standard four point probe method by using PCI-DAS6014 for a current source, voltameter, and temperature controller. For this purpose, dry and powdered samples were transformed into pellets by using a steel die of 13 mm diameter under a pressure of 700 MPa. Fig. 1 shows the FTIR spectra of chitin and CMA. Characteristic absorption bands of chitin and CMA are given in Table 2 . C=O stretching band at 1718 cm -1 related to ester and/or carboxylic acid and C=C stretching band at 1627 cm -1 related to disubstituted alkene in the FTIR spectrum of CMA (Fig. 1b) confirm the successful modification of chitin with maleic anhydride.
RESULTS AND DISCUSSION
FTIR spectra
XRD analysis
X-ray powder diffraction patterns of chitin and CMA are illustrated in Fig. 2 . It was observed that X-ray powder diffraction pattern related to chitin fitted X-ray powder diffraction patterns related to other chitin samples in literature [33] [34] [35] [36] [37] . Besides, it was determined from the X-ray powder diffraction pattern 38 . I Max and I Am in Eq. 1 are maximum diffraction intensity and amorphous diffraction intensity, respectively. I Max and I Am values were read as 1319 and ~285 for chitin and as 732 and ~256 for CMA from Fig. 2 . CrI values calculated and other some important parameters related to the X-ray powder diffraction patterns of chitin and CMA are given in Table  3 . The (220) peak at 2θ of 29.4° in Fig. 2 and Table 3 shows peak arisen from impurity.
... (1) UV-Vis absorption spectra Fig. 3 displays the UV-Vis absorption spectra of chitin and CMA. As it is known, UV-Vis absorption spectroscopy is a spectroscopy technique that deals with the measurement of the attenuation of a beam of light after it passes through a sample or after reflection from a sample surface. Ultraviolet and visible lights have enough energy to promote outer electrons to higher energy levels 39 . As can be seen from Fig. 3a and Fig. 3b , both chitin and CMA have one absorption band. The absorption band at 262 nm for chitin and at 266 nm for CMA may be due to n → π* transition (R band). An absorption band is a range of wavelengths, frequencies or energies in the electromagnetic spectrum. Energy change related to electronic transition in a molecule provides information about the structure of that molecule and determines many molecular properties (chemical properties, physical properties, and structural properties) such as color. The colors of chitin and CMA are light yellow and brown, respectively. Energy difference (ΔE) between two energy levels involved in electronic transition is calculated by ΔE=hυ. This is a consequence of the Planck-Einstein equation (E=hυ). A similiar UV-Vis spectrum for chitin is given in a study reported by Luna-Bárcenas et al.
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SEM Micrographs
The SEM micrographs of chitin and CMA are shown in Fig. 4 . As it is known, a scanning electron microscope is a microscope that scans at different magnifications the surface of a sample, and therefore it uses a beam of high-energy electrons. The electrons interact with the atoms that make up the sample producing various signals that contain (a) information about the chemical composition, crystalline structure, and surface topography of the sample and about the orientation of materials making up the sample 41 . As can be seen from the SEM micrographs of chitin and CMA, chitin has a rough surface according to CMA. CMA has a structure formed of smooth parts in different directions.
TGA thermograms
Two decomposition stages could be observed in the thermogram of chitin and CMA (Fig.  5) . In the thermogram of chitin (Fig. 5a) The first decomposition stage in the thermogram of both chitin and CMA could be attributed to the evaporation of water. As for the second decomposition stage in the thermogram of both chitin and CMA could be attributed to the degradation of the polysaccharide structure of the molecule (including the dehydration of polysaccharide rings) and to the polymerization and decomposition of the acetylated and deacetylated units of chitin and CMA 30, 42 . As it is known, thermal stability is a measurement of the resistance of a molecule against temperature. If so, it can be said that chitin is thermally more stable than CMA.
Electrical conductivity
The electrical conductivity of chitin and CMA was measured to be 6.5x10 -6 S cm -1 and 4.3x10 -4 S cm -1 , respectively. These conductivity values are in the conductivity range (σ=10 -7 -10 -1 S cm -1 ) of semiconductors 43 . The electrical conductivity of CPA and CTA was measured to be 9.2×10 -5 S cm -1 and 1.2×10 -4 S cm -1 , respectively, in our previous study 30 . If so, the electrical conductivity of chitin, CMA, CPA, and CTA has been changing as σ CMA >σ CTA >σ CPA >σ Chitin . It can be said that especially CMA is a good semiconductor polymer, and it can be used as a semiconductor in the production of lightweight rechargeable batteries for portable devices and vehicles and in building circuit elements, both passive (conducting circuits) and active (p-n and Schottky junctions). In addition, it can also be used in the transparent antistatic coating of metals and electronic devices, in electromagnetic shielding, and in the production of light-emitting diodes (LEDs), electrodes, biosensors, transistors, and ultrathin and flexible screens for computer and TV monitors.
CONCLUSIONS
C=O stretching band at 1718 cm -1 related to ester and/or carboxylic acid and C=C stretching band at 1627 cm -1 related to disubstituted alkene in the FTIR spectrum of CMA confirm the successful modification of chitin with maleic anhydride. It was observed that X-ray powder diffraction pattern related to chitin fitted X-ray powder diffraction patterns related to other chitin samples in literature. Besides, it was determined from the X-ray powder diffraction pattern of CMA that it contains a little impurity. In the result of matching performed, mentioned impurity was detected as hydrochloride hydrate (HCl.H 2 O). Hydrochloride hydrate may be absorbed by CMA because HCl and water were used in the synthesis of CMA. In addition, CMA may also has absorbed moisture in the air. Both chitin and CMA have one absorption band. The absorption band at 262 nm for chitin and at 266 nm for CMA may be due to n → π* transition (R band). As can be seen from the SEM micrographs of chitin and CMA, chitin has a rough surface according to CMA. CMA has a structure formed of smooth parts in different directions. As could be observed from the thermograms of chitin and CMA, chitin is thermally more stable than CMA. The conductivity values of chitin and CMA are in the conductivity range of semiconductors. It can be said that especially CMA is a good semiconductor polymer.
As conclusion, chitin is both low-priced and is found abundantly in nature. In addition, the modification of chitin with maleic anhydride is also lowcost, and CMA can be used as an alternative semiconductor polymer in various fields.
